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Thesis Summary 
This dissertation explores how to classify various facial expressions of a person using an eyewear 
device where an array of optical sensors are embedded. The sensors can measure the movement of 
facial muscles through the reflected intensity since the movement causes the skin deformation around 
eyes. 
 
Facial expression recognition can be done automatically using computer-vision based approaches. 
However, there are the limitations of using a physical camera in the environment such as occlusion and 
trackability. These are critical in daily life scenarios. 
 
The first contribution of the dissertation is the development of the eyewear device that is capable of 
classifying the posed facial expressions in a supervised manner. This approach uses photo-reflective 
sensors and machine learning methods. The eyewear system can recognize eight basic emotions from 
the posed facial expressions with the accuracy of more than 90% regardless of facial direction and 
removal/remount. 
 
The second contribution is the classification of spontaneous facial expressions.  The initial field study 
was undertaken to see how the user changes the facial expressions in daily life settings. Then, the 
mapping of the spontaneous facial expressions in daily conversations was done. The method visually 
summarized five user's facial expressions in an unsupervised manner. It revealed how similar the 
expressions of each user are. Then, the analysis of reading jokes with the device has been investigated. 
The sensor data could show the user's blinks, the line breaks, and the facial response of the user. 
 
Finally, further usage of the eyewear device has been demonstrated. The input techniques by eye 
gestures (7 kinds, nine users, average 92.9%) in addition to facial expressions and by rubbing the face 
(10 areas, five users, average 88.7%) are developed. It can expand the possibility of the interaction in 
the era of wearable computing. 
 
In summary, this work aims to make the grounds of eyewear computing for classifying the information 
from the faces in daily life. To this end, the device is developed, and the usability is validated by the 
classification of prototypic expressions,  spontaneous expressions of the users and the detection of eye 
movements and the intentional gestures. 
